Introduction
Antibiotic consumption in Europe has increased over the last few years, making them the most prescribed drugs in outpatient populations. 1, 2 Antibiotics may be prescribed for the treatment of various diseases, [3] [4] [5] [6] [7] but more than one-third of Europeans take them unnecessarily or without a prescription, contrarily to European Union (EU) recommendations.
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Antibiotic overuse and misuse contribute not only to the development of resistance but also to treatment failure and increase in mortality. Different studies have shown a correlation between the irrational use of antimicrobial drugs and antibiotic resistance to bacterial pathogens. [9] [10] [11] The World Health Organization (WHO) advocates the correct use of antibiotics to avoid antibiotic resistance, which has reached alarming levels worldwide. 8 Thus, the interest in the epidemiology of antibiotic use has increased.
Within Europe, major differences in antibiotic consumption rates have been noted. [12] [13] [14] [15] [16] These geographical variations have been attributed to socioeconomic (eg, financial wellbeing and access to health insurance), sociodemographic (eg, urbanization), and cultural (eg, educational level, prescribing norms, and patient demands) factors. 17, 18 Several studies show that the Italian consumption of systemic antibiotics is higher than the European average, both in hospitals and in the outpatient population. 2, 19, 20 Furthermore, there is evidence that antibiotic prescription rates vary among different Italian regions and also among areas within the same region, showing that the differences in antibiotic use are influenced by both national policies and geographical typology. [21] [22] [23] [24] [25] [26] There is still a considerable variability between antibiotic consumption in southern (44.9%) and northern (31.6%) Italian regions. Particularly, antibiotic consumption in Campania is the highest in Italy. 27 Italian health policies have been decentralized at a regional level since 2001. However, regional antibiotic prescribing patterns in southern Italy have not been investigated in depth. Administrative health-related databases, such as pharmaceutical records, can be useful tools to explore drug exposure in a real-world setting. 28 The aim of this study is to evaluate the prevalence of systemic antibiotic use at the individual municipalities in southern Italy, considering the influence of socioeconomic and sociodemographic variables.
Methods
Study design
We conducted a descriptive cross-sectional drug use study according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. 29 
Study setting
The Italian National Health Service (NHS) has been decentralized at national, regional, and local levels, since 2001. Campania, one of the largest Italian regions situated in the south of the country, had a population of 5,850,850 inhabitants up to January 1, 2016 (according to http://demo. istat.it/pop2016/index.html). As all other Italian regions, it provides health care services (free or at a nominal charge) to all citizens and legal foreign residents through Local Health Units (LHUs). Each LHU corresponds to a geographic area in Campania and is constituted by health care districts, which aggregate different municipalities. There are five geographic areas in Campania: Naples (including three LHUs, such as Na1, Na2, and Na3), Avellino LHU (Av-LHU), Benevento LHU (Bn-LHU), Caserta LHU (Ce-LHU), and Salerno LHU (Sa-LHU). Overall, there are 550 municipalities.
Data source
For this study, the following two administrative databases of Campania were analyzed: civil registry, containing demographic information (ie, age, gender, LHU, and municipality of residence) of all residents covered by the Regional Health System (RHS), and pharmaceutical databases, containing records of the drugs dispensed by retail pharmacies and reimbursed by the NHS, information regarding the patient's identification code, drug code, dose, formulation, number of packages, date of prescription, date of dispensation, and drug price. Drugs were classified according to the Anatomical Therapeutic Chemical (ATC) classification system. 30 The above databases had been previously validated and used to produce drug-utilization information.
31-32,46-52 Data sources were matched by record linkage analysis through a unique and anonymous personal identification code. Such code was created by a database manager, uninvolved in the data analysis, preventing patient identification. Therefore, neither ethical committee approval nor informed consent forms were required.
Study drugs
Prescribed drugs, in Italy, are categorized into the following two classes: class A includes lifesaving drugs and treatments for chronic diseases that are fully reimbursed by the NHS and class C includes all nonreimbursable drugs. Most antibiotic drugs fall into class A.
We conducted the analysis of all reimbursable antibiotic prescriptions dispensed by retail pharmacies in Campania between January 1, 2016, and December 31, 2016. Only systemic antibiotics belonging to the J01 subgroup, according to the ATC classification system, were included. 30 
Study population
The entire Campania's population (ie, 5,850,850 inhabitants) was divided into ten groups by age (0-6, 7-14, 15-24, 25-34, 
Study outcomes
Prevalence was used as a measure to estimate the degree of exposure to antibiotic prescription. Antibiotic prevalence rates were calculated, at municipality and LHU levels, as the proportion of the population who received more than one prescription per 100 inhabitants in 2016.
Prevalence rates were probably influenced by the heterogeneous demographic distribution among the age groups. Hence, they were adjusted using a direct standardization method, where the standard population (also known as ref- where T i = n i /n is the rate in stratum i of the study population, n i is the number of cases in stratum i of the study population, n is the size of the study population in stratum i, w i is the size of stratum i of the reference population, m is the number of considered stratum, and k is the multiplicative constant. Antibiotic drug consumption was expressed as the number of defined daily doses (DDD)/1000 inhabitants/day (DID). 33 DDD is the assumed average maintenance dose, per day, for a drug used for its main indication in adults. 30 The DID was calculated as follows: active substance divided by the number of inhabitants/1000.
Covariates
The municipalities were also classified as rural or urban to evaluate if this difference was a significant variable. 34 The average annual income data were defined as the total household income for each municipality and obtained from the Ministry of Economy and Finance website (http://www. mef.gov.it/).
Statistical analysis
The age-adjusted prevalence rates were categorized into quintiles and mapped by the patient's municipality of residence.
Antibiotic consumption (DID) was also mapped for the different municipalities.
Differences in prevalence rates between each LHU and the standard population were expressed as prevalence ratios (PRs).
PRs indicate whether the prevalence rate at LHU level was higher or lower than that of the standard population. Confidence intervals (CIs) were computed using standard methods (at 95% confidence level). 35 Univariate and multivariate logistic regression models were conducted to evaluate 1) the association between the highest and lowest antibiotic prevalence rates (ie, highest vs lowest quintile of prevalence) and 2) some determinants such as municipality type (rural or urban), average annual income level per capita, and number of general practitioners (GPs) and average annual medication consumption per 1000 inhabitants.
All analyses were performed using the SPSS software Version 17.1 for Windows (SPSS Inc., Chicago, IL, USA), and a P-value of <0.05 was considered to be statistically significant. Maps for antibiotic prevalence rates were generated by a custom script that uses an Application Programming Interface (API) offered by MapBox (www.mapbox.com).
Ethics statement
All procedures performed in this study were in accordance with the current national law from Italian Medicines Agency. 45 The article does not contain clinical studies, and all patients' data were fully anonymized. For this type of study, formal consent is not required. Permission to use anonymized data for the present study was granted by the responsible authority, Unità del Farmaco, Regione Campania.
Results
Prevalence rates at LHU level
In 2016, 2,738,118 patients in Campania received at least one antibiotic prescription. The total antibiotic prevalence rate was 46.8%.
Differences were observed in age-adjusted antibiotic prevalence rates, ranging from 41.1% in Benevento to 51.0% in Na2. PRs ranged from 0.88 (95% CI: 0.87-0.89) in Benevento to 1.09 (95% CI: 1.08-1.10) in Na2. Figure 1 shows that three of the seven LHUs had PRs significantly higher than expected (ie, Caserta, Na2, and Na3) for antibiotics, while in Av, Na1, Sa, and Bn, PRs were lower than expected. 
Prevalence rates at municipalities' level
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Significant differences were found in the distribution of standardized prevalence rates between the different municipalities: from a minimum of 15.2% in Omignano (Sa-LHU) to a maximum of 61.9% in Moschiano (Av-LHU). In most municipalities of the northwestern and southern areas of Campania (ie, Benevento and Salerno areas), the prevalence rates of antibiotics were lower compared to other areas. Conversely, coastal areas around Naples and eastern Avellino showed higher prevalence rates, from 50.9 to 61.9%. Figure 2B shows the geographic distribution (by municipality) of antibiotic consumption, expressed in DID. Major differences were found between municipalities: from 6.7 DID in Omignano (Sa-LHU) to 41.6 in San Marcelino (Ce-LHU). 
Multivariate analysis
Discussion
This study analyzed the prevalence of antibiotic use and consumption, at a municipality level, within Italy's Campania region. Previous studies have already evaluated intraregional variations in antibiotic prescribing patterns in Italy, 21, 23, 36 but this study shows the relationship between antibiotic prevalence rates and socioeconomic (eg, financial and wellbeing) and sociodemographic (eg, urbanization) factors. To our knowledge, there are a limited number of similar multivariate analyses in the literature, especially at intraregional level. 16, 18, 36, 37 Differences in interregional antibiotic prescribing rates have been already described in the literature, with a higher consumption in southern Italy compared to the northern 
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Intraregional variation in antibiotic prescription 255 regions. 25, 36 Particularly, antibiotic consumption in Campania is described as the highest in Italy. 38 A similar north-south gradient has been observed at the European level. In 2016, EU population-weighted mean consumption of antibiotics for systemic use in the community was 21.9 DID, ranging from 10.4 in the Netherlands to 36.3 in Greece. Data collected by the European Surveillance of Antimicrobial Consumption (ESAC) revealed that Italy was among EU countries with higher antibiotics consumption (27 DID). 39 Our study showed differences for the age-adjusted prevalence rates between the different LHUs. Large differences were found in the distribution of standardized antibiotic prevalence rates among the different municipalities (from 15.2% in Omignano, Sa-LHU, to 61.9% in Moschiano, Av-LHU) and in the antibiotics consumption, expressed in DID (from 6.7 in Omignano, Sa-LHU, to 41.6 in San Marcellino, Ce-LHU). It is noteworthy that in most northwestern and southern municipalities of Campania (eg, Benevento and Salerno), prevalence rates and antibiotic consumption were lower than in coastal areas around Naples and eastern Avellino. This fact underlines that, even in settings characterized by high prevalence rates (such as Campania), there are areas with lower rates than expected and that variability is often very high, even within the same LHU. Hence, antibiotic usage is influenced by both national policies and geographical typology, as described previously. [21] [22] [23] [24] [25] [26] 36 Our study shows that municipality type influenced antibiotic prescription prevalence. Urban municipalities were more than eight times as likely to have antibiotic prevalence rates in quintile 5 (high prevalence rates) compared to rural municipalities. The high antibiotic consumption observed in the more urbanized municipalities was probably due to a greater access to medical care, such as a higher availability of health care providers. Klein et al 17 described that a higher 
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number of health providers translated in an increase in antibiotic prescribing rates per capita.
Our study showed that another factor influencing the prescription rates of antibiotics was per capita income at a municipality level. Municipalities with low average annual income levels were more than eight times as likely to have antibiotic prevalence rates in quintile 5 compared to high average annual income level municipalities. These results could be of great interest for designing interventions to improve prescription patterns.
Similar findings, regarding the relationship between the prevalence of antibiotic use (in children) and annual average income, have already been observed in three Italian regions (Lombardy, Lazio, and Puglia), where children/ adolescents living in districts in the lowest quintile of annual average income were more exposed to receive an antibiotic prescription. 36 Similar evidences have been described also in other EU countries, such as Germany and Switzerland. 13, 15 As underlined by Piovani et al, 36 in countries where antibiotics prescription is reimbursed (including Italy), the confounding role of out-of-pocket drug consumption cannot be excluded, especially in studies based on administrative pharmacy records.
Sianesi 40 suggested that income deprivation is a combination of other linked deprivations, including education, which is relevant and affects the appropriateness of drug use. 16 The intraregional variability observed in our study can also be explained by different prescribing patterns among physicians and different local health policies. Several studies showed that the physicians' attitudes and knowledge determine the quality of antibiotic prescription. 41 As already stated, geographical variations in antibiotic prescribing rates have also been observed in other EU countries. [13] [14] [15] In this regard, several investigations have confirmed that socioeconomic and sociodemographic factors (eg, population, annual income, demographic structure, and cultural values) are significant determinants to explain differences in antibiotic consumption. 17, 18, 42 Gaygisiz et al 42 showed that the high variability in antibiotic use was influenced by cultural values (65%), followed by socioeconomic (63%) and personality (55%) factors.
There are some limitations to our analysis. In this crosssectional study, we analyzed pharmacy records, which, although being a powerful tool, might lead to some underestimations: Pharmaceutical records do not provide information about private practice prescriptions and out-of-pocket expenditure. Therefore, the consumption of antibiotics could have been underestimated. Furthermore, we were unable to explore the prescriptions' appropriateness because the diagnosis details were unavailable from our data sources even if this is a common limitation of drug utilization studies carried out by administrative databases. Our results could be highly useful in planning policy interventions. However, it is important to be aware of the limitations of cross-sectional studies in its usefulness in making sweeping policy recommendations.
The main strengths of our study lie in providing an overview of the use and consumption of antibiotics in Campania and exploring the relationship between socioeconomic and sociodemographic factors and antibiotic consumption in a real-life setting. The analysis is useful for exploring the dynamics that are currently characterizing the use of antibiotic therapy in a regional context. Antibiotic overuse and misuse contribute to the development of resistance, treatment failure, and high health costs. Local policies, following WHO's recommendations, should provide training and information to citizens and health care professionals to optimize health resources also implementing successful elements from other EU countries' activities. 43 Synergies between different actors involved in health care delivery can help in achieving better results. 44 Further studies are needed to explore attitudes toward medications, which are crucial factors that could influence antibiotic use patterns.
Conclusion
Our study provides a snapshot of Campania's antibiotic drug consumption in 2016, evidencing the impact of both socioeconomic and sociodemographic factors on the prevalence of antibiotic prescription in the study's population.
Major differences were found among the different municipalities in Campania, regarding the distribution of age-standardized antibiotic prevalence rates and antibiotic consumption. Municipality type and average annual income level were the main determinants of antibiotic prescription prevalence. Our analysis underlines the lack of shared therapeutic protocols and can represent a foundational work to create them. Such protocols represent a key factor for decision-makers to improve the quality of care. Once protocols are established, they can be effectively enforced by issuing educational interventions aimed at the optimization of health resources and correct utilization of drugs.
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